1. Introduction
===============

Heart failure is a globally public health concern, associated with considerable morbidity and mortality.^\[[@R1]\]^ An estimated 5.7 million Americans have heart failure according to the data from NHANES 2009 to 2012,^\[[@R2]\]^ and will afflict more than 8 million patients by 2030.^\[[@R3]\]^ Heart failure affects approximately 4 million people, with 550,000 new cases diagnosed annually in China.^\[[@R4]\]^ Many potential risk factors contribute to the development of heart failure. Modification of these risk factors may help to reduce the incidence of heart failure as well as decrease mortality in patients with established heart failure. Therefore, early identification of these modifiable risk factors remains crucial.

Parathyroid hormone (PTH) is secreted by the parathyroid glands that control calcium homeostasis. Excess of PTH may adversely affect cardiovascular health beyond the regulation of calcium and phosphate homeostasis.^\[[@R5]\]^ To date, many observational studies have examined the relationship between circulating level of PTH and subsequent risk of heart failure in the general population^\[[@R6]--[@R12]\]^ as well as adverse outcomes in patients with heart failure.^\[[@R13]--[@R15]\]^ However, this association was not observed in all the studies. These conflicting findings among the studies may partly explain by differences in study population, lack of standardization of PTH assays, follow-up duration, gender difference, or adjustment for confounders. A well-designed meta-analysis revealed that higher circulating level of PTH was associated with excessive risk of cardiovascular events.^\[[@R16]\]^ Moreover, a more recently published meta-analysis only focused on the association between higher circulating level of PTH and cardiovascular or all-cause mortality risk.^\[[@R17]\]^

No previous meta-analysis has examined the relationship between circulating level of PTH and subsequent risk of heart failure. Therefore, we conducted this meta-analysis of available prospective studies to investigate the association between circulating level of PTH and incident heart failure in the general population.

2. Materials and methods
========================

2.1. Literature search
----------------------

We performed this meta-analysis based on the guideline of the Meta-Analysis of Observational Studies in Epidemiology.^\[[@R18]\]^ The ethical approval was not necessary for this meta-analysis because this study was only adopted the study-level data but not individual patients data. Two authors (FBM and WW) independently searched for all eligible prospective observational studies in Pubmed, Embase, VIP, China National Knowledge Infrastructure, and Wanfang databases published until January 2016. We combined the following search items: "parathyroid hormone" OR "hyperparathyroidism" and "heart failure" or "cardiac failure" and "follow-up" or "prospective," with no restriction of language. In addition, reference list of the included studies and reviews on this topic was manually scanned for additional possible studies. If the outcomes were not reported in the original study, we contacted the corresponding author by e-mail.

2.2. Study selection
--------------------

Studies that satisfied the following inclusion criteria were eligible: prospective observational studies that enrolled general population; studies that investigated the relationship between baseline circulating level of PTH and subsequent heart failure risk; and studies that reported adjusted hazard ratio (HR) and its corresponding 95% confidence intervals (CIs) of heart failure incidence. Studies that were cross-sectional design, abstract, or review were excluded.

2.3. Data extraction and quality assessment
-------------------------------------------

Two independent authors (FBM and WW) used a standardized form to extract the relevant data from the selected studies. Any discrepancies between 2 authors were settled through discussion. The extracted data included first author\'s surname, years of publication, study design, geographic location, sample size, proportion of male, age of population, method of PTH assay, category of PTH comparison, number of events, most fully adjusted HR and 95% CI, follow-up duration, and variables adjusted. Two independent authors (FBM and WW) evaluated the quality of the included studies in accordance with the Newcastle-Ottawa Scale^\[[@R19]\]^ that allowed a maximal score of 9 stars. Studies with a rating of 5 or more stars were regarded as moderate to good quality.

2.4. Statistical analyses
-------------------------

Analyses were conducted using the STATA 12.0 software package (STATA Corp LP, College Station, TX). Pooled risk estimates were expressed as the HR with 95% CI for the highest versus lowest PTH category. The likelihood of statistical heterogeneity across studies was assessed by Cochrane *Q* test with significance set at 0.10 or less and *I*^2^ statistic more than 50%. We selected the random effects model when pooled analysis resulted in significant heterogeneity; otherwise, a fixed-effect model was applied. We applied both Begg test^\[[@R20]\]^ and Egger test^\[[@R21]\]^ to explore potential publication bias. Subgroup analyses were performed according to the sample sizes (\>1000 vs \<1000), duration of follow-up (median or mean ≥10 years vs \< 10 years), gender (male vs both gender), and age of patients (middle-aged vs older adults).

3. Results
==========

3.1. Characteristics of the included studies
--------------------------------------------

The detailed description of literature search and study selection process is shown in Figure [1](#F1){ref-type="fig"}. Six prospective studies^\[[@R6]--[@R11]\]^ were retrieved from 334 citations. The included studies were published between 2010 and 2014. Three studies were from the United States,^\[[@R7],[@R10],[@R11]\]^ 1 from Germany,^\[[@R9]\]^ 1 from Sweden,^\[[@R6]\]^ and 1 from the United Kingdom.^\[[@R8]\]^ The sample size ranged from 864 to 10,392. The age of participants was over 35 years. Four studies^\[[@R7],[@R9]--[@R11]\]^ included both men and women and 2 studies^\[[@R6],[@R8]\]^ enrolled only men. The follow-up duration ranged from 8.2 to 19 years. All the included studies are adjusted for the estimated glomerular filtration rate and common cardiovascular risk factors. Newcastle-Ottawa Scale stars ranged from 5 to 8 and overall methodological quality of included studies was moderate to good. Characteristics of the included studies are summarized in Table [1](#T1){ref-type="table"}.

![Flow diagram of the study selection.](medi-95-e4810-g001){#F1}
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Characteristics of the included studies.
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3.2. Meta-analysis of incident heart failure
--------------------------------------------

Relationship between circulating level of PTH and incident heart failure was reported in six studies. A total of 25,207 participants and 2561 heart failure events were analyzed. As shown in Figure [2](#F2){ref-type="fig"}, statistical heterogeneity (*I*^2^ = 70.2%; *P* = 0.005) was observed across six studies. Meta-analysis with a random effects model showed that higher circulating level of PTH was associated with an increased risk of heart failure (HR: 1.38; 95% CI 1.09--1.74). Furthermore, pooled HR for heart failure was 1.27 (95% CI 1.14--1.42) in a fixed-effect model. Begg test (*P* = 0.452) and Egger test (*P* = 0.203) did not provide evidence of substantial publication bias.

![Hazard ratio and 95% confidence intervals of higher circulating level of parathyroid hormone and risk of heart failure in a random effect model.](medi-95-e4810-g003){#F2}

3.3. Subgroup analyses and sensitivity analyses
-----------------------------------------------

In the subgroup analyses (Table [2](#T2){ref-type="table"}), the associations between higher circulating level of PTH and excessive risk of heart failure were not observed in the middle-aged persons (HR: 1.01; 95% CI 0.85--1.21), and over 10 years follow-up (HR: 1.28; 95% CI 0.95--1.71). Moreover, the risk of heart failure seemed more pronounced among men (HR: 1.75; 95% CI 1.38--2.22). The results of the sensitivity analyses showed only minimal changes in magnitude and direction of the pooled HR when anyone study was excluded from the meta-analysis, suggesting the robustness of our findings (data not shown).
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Subgroup analyses of parathyroid hormone and risk of heart failure.
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4. Discussion
=============

This meta-analysis suggests that higher circulating PTH is associated with an excessive risk of heart failure in the general population. Participants with increased circulating PTH had a 38% excessive risk of heart failure in the overall patients and 75% excessive risk of heart failure among men.

In the stratified analysis, gender of patients modified the magnitude of heart failure risk. Men with higher PTH were associated with 75% excessive risk of heart failure than the both gender groups. This finding implies that higher PTH levels appeared to have a pronounced impact on men. Given there are significant differences in etiology of heart failure,^\[[@R22]\]^ women as a subgroup for statistical analysis is warranted in the future study. However, the exact mechanisms for the observed differences remain unclear. In addition, the magnitude risk estimate was reduced in studies with more than 10 year\'s follow-up, suggesting heart failure events mainly occurred in the early follow-up duration. Furthermore, subgroup analysis indicated that the effect of PTH on incident heart failure was not statistically significant in middle-aged population. Age of participants appeared to modify the relationship between PTH and risk of heart failure.

The role of PTH as a potential risk factor for heart failure has been widely investigated.^\[[@R23]\]^ Several studies did not include in this meta-analysis also investigated the relationship between higher circulating PTH and heart failure. Consistent with the finding of our study, subjects with higher baseline PTH value had a 43% greater risk of heart failure in a cross-sectional study.^\[[@R12]\]^ Higher PTH level was an independent risk factor for hospitalization^\[[@R14],[@R15]\]^ in heart failure patients. Moreover, higher PTH level was also associated with 90% excessive risk all-cause mortality in heart failure outpatients.^\[[@R13]\]^ These findings suggest that circulating level of PTH predicts subsequent risk of heart failure in the general population as well as adverse outcomes in patients with heart failure. Possible mechanisms can explain the relationship between PTH and heart failure risk. Higher PTH promotes endothelial dysfunction^\[[@R24]\]^ and increase aortic stiffness.^\[[@R25]\]^ In addition, PTH is also linked to arterial hypertension^\[[@R26],[@R27]\]^ and left ventricular hypertrophy.^\[[@R28]\]^

Several potential limitations should be acknowledged. First, substantial heterogeneity (*I*^2^ = 70.2%; *P* = 0.005) might reduce the reliability of our results. The differences in age, gender, sample size, follow-up duration, and severity of heart failure may be the sources of heterogeneity. Second, all the included studies enrolled the middle to older participants; therefore, our findings may not be generalized to younger population and women. Third, lack of repeated measurements of PTH level is a major limitation. A single baseline measurement may might have led to misclassification of participants or not accurately reflect the changes of PTH over time. Finally, included studies failed to adjust confounders in a consistent way. The lack of adjustment for phosphate, fibroblast growth factor-23 may have resulted in a slight overestimation of the risk estimate.

5. Conclusions
==============

This meta-analysis indicates that increased PTH level is independently associated with an increased risk of heart failure in the general population. This risk seems more pronounced among elderly men. However, well-designed randomized controlled trial should be carried out to evaluate whether reducing the levels of PTH will decrease heart failure risk or attenuate the disease progression.

Abbreviations: CI = confidence interval, HR = hazard ratio, NOS = Newcastle-Ottawa Scale, PTH = parathyroid hormone.
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